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Abstract: It is often not clear what the best measures of exposure are for a 
risk assessment, or even how one should answer this question, Environmental 
tobacco smoke (ETS) provides a good example for an exploration of uncertain¬ 
ly. There are a variety of methods for estimating exposure and each has short¬ 
comings, In this paper we summarize the physical characleristics of ETS and 
the principal methods for assessing exposure. We review the accuracy and ap¬ 
plicability of these methods, and explore major sources of uncertainly In tiie 
assessment ETS. 


INTRODUCTION 

Environmental tobacco smoke (ETS) is a good example for any consideration of 
uncertainty in risk assessment. Exposure is widespread, occurring in workplaces and 
in general environmental settings. The topic has been closely studied, but much is 
still not known about the characteristics of ETS and its effects on health. Relative 
risks associated with ETS are modest, are certainly smaller than those related to ac¬ 
tive smoking, and (hey increase the importance of accuracy in exposure assessment. 
The potential social implications of ETS risk assessments are huge—smoke free pol¬ 
icies may affect all work siies and enclosed public spaces, The tobacco industry re¬ 
gards ETS as a serious threat to ils own commercial interests, 1 consequently, the 
industry funds and promotes its own reviews that, on the whole, emphasize the short¬ 
comings of the scientific case against ETS. 2 For all these reasons, there is keen pub¬ 
lic interest in the nature and extent of uncertainties in ETS risk assessment. 3 


WHAT IS ENVIRONMENTAL TOBACCO SMOKE? 

ETS is made up mostly of so-called sidestream smoke, which passes directly 
from tire glowing tip of the cigarette into the environment, Small contributions stem 
from other sources, including exhaled mainstream smoke. The chemistry and distri¬ 
bution dynamics of ETS are complex. We focus on the major characteristics of F,TS 
that are relevant to exposure assessment and calculation of health risks, 
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ETS includes thousands of compounds, the levels of which depend on the w y the 
cigarette is smoked and its composition. For example, puff volume and puff fluen¬ 
cy determine the proportions of ETS made up by glow and smoulder stream s[ <iQke. 
Sidestream to mainstream ratios depend on the compound that is measured, Way 
the cigarette is smoked, and the quantity of tobacco made available for combustion. 
In general, sidestream smoke is produced at lower temperatures, and in less nxygen- 
ricit conditions, than mainstream smoke, As a consequence, the products of combus¬ 
tion differ, For example, sidestream smoke contains more CO and less COj, and 
higher levels of combustion products formed by nitrosation and amination. Within a 
short distance of a burning cigarette ETS is largely undiluted, and exposure to po¬ 
tentially harmful smoke components is likely to be heavier and more uniform than 
in the case of distant passive smoking. 

The age of ETS influences the balance of semivolatile constituents between vapor 
and particulate phases. Some compounds ate rapidly oxidized. Others (such as nic¬ 
otine) are in equilibrium between vapor and gas phased, and are affected by di lotion 
of the smoke and changes in temperature and humidity. In mainsIream smoke (and 
fresh sidesiream smoke) nicotine is held on the surfaces of droplets but, with air di¬ 
lution, most of the nicotine evaporates 4 

Sidestream smoke is less acidic than mainstream smoke (pH about 7. compared 
with pH about 6 for mainstream cigarette smoke). 11 This is due chiefly to the much 
higher levels of ammonia in undiluted sidestream smoke. As a result, nicotine is 
present in greater quantities in the unionized form, in which it is more readily* ab¬ 
sorbed by the body. 

The size of particles ill sidestream smoke varies will: many factors, including tlw 
age of Ihc smoke, ambicttl lemperature, and humidity. Overall the particles lend to 
be smaller than those present in mainstream smoke, 4 resulting from the evaporation 
of semivolalile constituents. Due to their size (mostly between 0.1-0 4 pmitidiam¬ 
eter) the particles are distributed rapidly by convection currents throughout a room 
or any other closed space. 

Tic number of people in the mixing space and their level ofaclivity influence the 
rate of adsorption of smoke constituents and the circu latioti of smoke particles, as do 
Ihc physical characteristics of the indoor environment, such as the presence of fur¬ 
niture, drapes, and carpels, 5 The dispersion and decay of ETS occurs at different 
rates for different constituents. Levels of particulate matter in the atmosphere are 
likely to fall more quickly than do levels of gaseous smoke products. Reactive com¬ 
ponents (such as N0 2 ) decay more rapidly limn more stable compounds (for exam¬ 
ple, CO). 

The deposition of smoke particles is influenced by characteristics of the smoke 
(particle size most importantly) and by biological variables concerned with manner 
of inhalation and the configuration of the respiratory tract. The fraction of ETS par¬ 
ticles deposited in the respiratory tract is estimated lobe between IO-2TO. 6 By con¬ 
trast, 70-90% of particles in mainstream smoke inhaled by smokers are deposited in 
the respiratory tract, 7 The proportion of ETS deposited in the lungs of a child may 
he considerably higher than for an adull due to differences in the diameter and con¬ 
figuration of the airways. Studies of air flow and aerosol deposition in models of in¬ 
fant lungs have found that the total deposition is up to 50$ greater than in adult 
lungs, with proportionately heavier deposits in the tracheobronchial area ® 
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WHY DO WE NEED GOOD MEASURES OF EXPOSURE TO ETS7 

In etiologic studies, estimation of the risk of disease associated with ETS depends 
on accurate measurement of exposure. The extension of biomarker studies to mea¬ 
sures of early biological response, such as carcinogen-hemoglobin adducts, contrib¬ 
utes biological plausibility to epidemiological studies of cancer and ETS. This may 
in future add to our understanding of the mechanisms of disease? The accuracy of 
measures of exposure is particularly important when the relative risks are modest in 
magnitude and the results of the studies have substantial policy implications. 

At the population level, measures of exposure are necessary for estimating the 
burden of disease that is attributable to ETS, and to guide public health policy. For 
example, in many countries 30-40% of children are exposed to smoke in the home 
and, consequently, a substantial proportion of cases of common childhood illnesses 
may be attributed to ETS. In Australia, it is estimated that 2,330 hospital admissions 
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FIGURE 1, Hair nicotine levels in New Zealand children whose parents reported they 
were nonsmokers, smoked only outside the house, or smoked indoors. (Source: Al- 
Delaimy el al. Ref. 12.) 
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per year, or 13% of all admissions for lower respiratory illness in the first 18 montP s 
of life, are due to exposure to parental cigarette smoke in the home. 10 

Measures of exposure are needed to study the effect of interventions that reduC e 
ETS. For example, questionnaires and cotinine measures have been used to asse- ,s 
the outcome of health education programmes that encourage parents to reduce expo¬ 
sure of children to ETS. 11 More than one method may be required to obtain an ac¬ 
curate picture of exposures. A recent study in Wellington found that children uf 
parents who reported that their house was smoke free had similar levels of nicotine 
in their hair as did children whose parents reported that they smoked inside die 
house, suggesting that parents inaccurately report their smoking habits, either that or 
smoke free homes make tittle difference to childhood exposure to ETS in New 
Zealand 12 (see FlOURE 1). 

Other examples of exposure assessment include physically monitoring smoking 
in sped he workplaces, 13 and national surveys to hack the effect of smoke free leg¬ 
islation. 14 


HOW CAN EXPOSURE TO ETS BE MEASURED? 

Questionnaires 

Questionnaires are the most commonly used method of exposure assessment in 
studies of the health effects of ETS (see Table 1). Advantages include the ability to 
provide detailed information on ETS source strength, retrospective exposure infor¬ 
mation, measures of exposure over an extended period, and simultaneous informa¬ 
tion on time-activity patterns and modifying environmental factors. Questionnaires 
provide information at relatively low cost, which is important for studies that require 
large sample sizes. 15 

The principal disadvantage of this method of assessment is the susceptibility of 
questionnaires to misclassification. In the case of active smoking, the number of cig¬ 
arettes smoked by an individual is commonly accepted as providing a reasonable 
quantitative index of exposure to lobacco smoke. However, ETS exposure cannot he 
simply related to the number of cigarettes smoked by others. 16 Many other variables 
are important, such as the size of the space, amount and quality of ventilation and 
crowding. The breathing and smoke-puff patterns of the smoker, the proximity to the 
source of ETS, and the precise time spent in a room in which smoking has occurred 
are variables that cannot be readily accounted for in questionnaires. Low-level expo¬ 
sures may be overlooked: biomarker studies show that tobacco-specific substances 
such as nicotine and cotinine are frequently present in blood, urine, and saliva of 
people who report that they are not aware they have been exposed to ETS. 17 Even 
more troublesome is the potential for systematic errors in exposure assessment by 
questionnaire. For example, growing awareness of the hazards of passive smoking lo 
health, and possibly a social stigma associated with exposing others (especially chil¬ 
dren) to ETS, may lead to differential under-reporting. 18 
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TABLE 1. Methods of exposure assessment used in studies of health efreels uf passive 
smoking (see Ref. 10) [ffc,_ 


Health effect 

No. of | 
studies' 3 \ 

f Exposure 
^questi oimairc-- 

N Exposure 
^ biomarker 

Exposure 
questionnaire 
and biomarker 

low birth weight (due lo 
maternal exposure to ETS) 

18 

15 

2 

1 

childhood asthma 

68 

64 

1 

3 

lower respiratory illness in 
first i8 months 

47 

44 

1 

2 

lung [unction in childhood 

25 

19 

3 

3 

sudden infant death syndrome 

8 

8 

_ 

— 

middle car disease in childhood 

19 

17 

2 

— 

lung cancer 

40 

39 

— 

1 

major coronary events 

17 

16 

— 

1 


"Drawn from peer-reviewed literature published before July 1997. 


Biological Markers 

The major advantage of biomarkers is the ability to measure an absorbed dose of 
ETS rather than the potential dose (exposure) in the external environment. Biomar¬ 
kers are said to be objective. This is not true, since any method of measurement re¬ 
quires some degree of judgement. However, biomarkers might be regarded as less 
subjective than questionnaires in the sense that they rely on the discretion of (he in¬ 
vestigator alone. Choices must still be made. For instance, the selection of analytic 
method involves a trade-off among sensitivity, specificity, cost, and acceptability. 
Measurement of cotinine in urine by radioimmunoassay (RIA) is cheaper than mea¬ 
surement by chromatography, but RIA is less specific due to cross-reactions with 
other nicotine metabolites. 16 Mass spectroscopy is the most accurate technique of 
all, but this is considerably more expensive than the alternatives. The quantitative 
aspect of measurement by biomarker is attractive, but the appearance of precision 
may be misleading. Absorption, distribution, storage, metabolism, and elimination 
of nicotine and cotinine in human bodies, for example, are not fully understood, add¬ 
ing uncertainty to the interpretation of test results, which may be compounded by 
inter-laboralory variation. 

Most recent work on biomarkers for ETS has been based on nicotine and its me¬ 
tabolites (especially cotinine), because of the high degree of specificity of these sub¬ 
stances for exposure to tobacco smoke. (Although there are other sources of 
nicotine, such as fruit and vegetables, the contribution is negligible except in ex¬ 
treme circumstances. Benowitz 16 estimates that to reach a level of cotinine typically 
seen following ETS exposure, a person would need to consume each day more than 
4,6 Kg of cauliflower or 7.6 Kg of tomatoes.) The principal advantage of cotinine 


J«1 

measurement over nicotine in body fluids is its greater persistence in the body^Hie 
halilife of cotinine is 20-24 hours, compared with two hours for nicotine. In ac¬ 
tion, a range of DNA and protein adducts and other carcinogen biomarkers have 
identified in nonsmokers, with levels related to self-reported exposure to ETS." 19 
Difficulties in applying these measures to risk assessment include lack of specificity 
(due to environmental sources other than tobacco smoke) and the high cost of nistiy 
of the analyses. 

Cotinine is the major proximate metabolite of nicotine that can be measured in 
urine, serum, saliva, other body fiuids, and hair. 16 Levels of exposure to ETS in the 
home, as assessed by the reported smoking habits of the family members, have been 
correlated with urinary cotinine levels of children 20,21 and nonsmoking adults. 22 
Limitations apply chiefly to the duration of exposure that is recorded, and the uncer¬ 
tain relation between cotinine levels and the biologically effective dose or doses of 
ETS constituents that are relevant lo the disease under study. Cotinine is itself bio¬ 
logically inert and is formed principally by oxidation of nicotine in the liver. Conse¬ 
quently, measures of cotinine may provide an imperfect reflection of significant 
upstream exposures, such as those impacting on the respiratory mucosa. Since Hie 
ratio of nicotine to other components of ETS varies with many factors, such as Hie 
age of the smoke, spot measures of cotinine may misrepresent the levels of other 
constituents that arc absorbed. The half-life of cotinine means that, at most, mea¬ 
sures refer to several days of past exposure to nicotine. Moreover, there is consider¬ 
able between-individual variability in the proportion of nicotine metabolized to 
cotinine (ranging between approximately 50% and 90%) and the rale at which coti¬ 
nine is metabolized. 16,23 Cotinine clearance varies with factors such as ethnicity, 
sex, and age. 16 Children lend to have higher cotinine levels in urine than adult! for 
similar exposures to ETS. This may be due to age-related differences in nicotine ine- 
tabolism, or to higher doses of ETS resulting from higher relative ventilation rates 
among children. 

Recently, the search for more stable measures that avoid some of the disadvan¬ 
tages encountered with testing of body fluids has led to the investigation of hair as a 
biomarker for ETS, Each centimeter of hair reflects approximately one month of ex¬ 
posure, since hair has a fairly uniform growth rate (1.0 ± 0.3 cm per month. 24 Nico¬ 
tine in hair is derived mainly from nicotine in blood, although some may be absorbed 
directly from the atmosphere. 25 Cotinine is present in hair, but at much lower con¬ 
centrations than nicotine. Both compounds are preserved in the shaft throughout the 
life of the hair and, after cutting, samples can be Stored at room temperature for years 
within a closed envelope without loss or degradation of hair nicotine. 26 Among ac¬ 
tive smokers, the centimeter-by-centimeter distribution of nicotine corresponds 
moderately well with average monlh-by-month number of cigarettes smoked. 24 
Among nonsmokers, several studies have reported that the method is sufficiently 
sensitive to be able to detect changes in ETS exposure and to differentiate people ac¬ 
cording to their levels of exposure. 26 In one study of children, nicotine In hair cor¬ 
related more closely with smoking history of parents of exposed and unexposed 
children than did cotinine in urine. 27 

There arc many possible causes of between- and within-individual variation ol 
uptake of nicotine into hair, including variable reporting of exposure history, differ 
ences in ventilation, expusure time, and distance from the source of exposure. 21 
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Moreover there are confounding factors specific to hair, such as irregular hair 
growth, diffusion, and washing out of nicotine following application of bleaches and 
dyes. Hair color is also relevant: black hair tends lo contain higher levels of nicotine 
than fair hair for similar exposures lo ETS. 20 

Environmental Measurements 

Components of ETS that may be monitored in the environment include nicotine, 
particulates, and a number of gases. Recently studies have examined the value of 
solanesol, a tobacco leaf constituent present in cigarette smoke condensate. 10 Its 
utility lies in its abundance, lack of volatility, and lack of any indoor sources other 
than tobacco. 

Environmental measurements may be obtained by stationary air sampling moni¬ 
tors, personal sampling with pump driven nicotine or respirable suspended particu¬ 
late samplers, or personal sampling wilh a diffusion-based nicotine sampler. Using 
these methods it has been shown that the number of smokers in a household has a 
strong effect on indoor levels of respirable suspended particulates (RSP)—a pack-a- 
day smoker adds approximately 15-20 (ig/m 3 to typical household levels, which is 
similar to RSP concentrations observed in outdoor air in some cities.' 10 Personnt 
monitors provide more direct measures of ETS exposure than stationary samplers, 
hut there are obstacles to applying this technique in large scale surveys. Generally 
these environmental monitors can be used for short lime periods only, which may be 
sufficient for some purposes (such as comparisons of workplaces with and without 
smoking policies) but is less helpful in studies of disease etiology. However, passive 
monilors may be used to check the accuracy of questionnaires which are applied sub¬ 
sequently to measure exposure in large scale surveys. 


VALIDITY, PRECISION, AND RELEVANCE 
IN ASSESSMENT OF ETS EXPOSURE 

The validity of an exposure measure is a function of bias (average measurement 
error) and precision (variability in measurement error). In the absence of a “gold 
standard” measurement of true exposure, the extent of bias and imprecision can only 
be estimated by making comparisons between different measures of exposure. 

Questionnaire assessments of exposure to ETS often rely on self-reporled smok¬ 
ing (for example, parents reporting on smoking in the home during studies of ETS 
and children). The accuracy of self-reporled smoking depends on the circumstances 
under which the information is elicited. Patrick et at . 11 reviewed 26 studies in which 
questionnaire responses had been compared with biochemical measures of smoking. 
On the whole, the different measures of smoking were consistent, but the extent of 
agreement varied widely. Treating (lie biochemical measures as a reference, sensitiv¬ 
ity ranged from 6% to 100% (mean 87.5%) and specificity from 33% to 100% (mean 
89.2%). The wording of the questionnaire and the context in which questions were 
asked were important: higher estimates of sensitivity and specificity were observed 
when the questionnaire was administered by an interviewer, for observational stud¬ 
ies rather than interventions, when adults answered rather than adolescents, and 


when (lie biochemical assessment was by cotinine rather than other markers (sr 1 -' 1 as 
nicotine or exhaled CO). 

The reliability of ETS exposure estimates may be tested by repeating ques lla n- 
naires that refer lo a particular period, or repealing biochemical measures o' 1 Hu 
same sample. On retesting, questionnaires do well in terms of broad categori ss ol 
presence or absence of exposure. For example, in an Australian study mothers w t;ri 
asked about smoking during the first year afler delivery; 97.7% gave the sam e 5m 
swer ("yes” or “no”) as they did two months earlier. 32 Questions on the extent ^ 
posure are less reproducible. A study of lifetime exposure to ETS of ac iul 
nonsmokers in New Mexico found a high degree of agreement hetween two ,r, tcr 
views within six months (more than 90%) for parental smoking during childhood 
but much lower figures for amount smoked or hours of exposure. 33 Similarly w iiei 
Pron etal. 3i reintemewed 117 subjects after six months, good agreement was fovin- 
for reports of occupational and residential ETS exposure, but the reliability of [tpori 
ed duration of exposure was poor. Wilhin-sample variability in biochemical ,f xcs 
sures of exposure to ETS should be low for a given laboralory; variability be'-Wee 
laboratories is seldom reported. 

Repeated tests of biomarkers and environmental measures of ETS show consic 
crable within-individual variation. Couitas et at. 33 reported that indicator variable 
for self-reported exposure explained no more dian 6-10% of the variability in a Un< 
spheric monitoring, and lH-20% of variability in urinary and salivary cotinine fe¬ 
els, ll is difficult lo know how much of this unexplained variation is du« 
underlying variability in Lite true exposure, and how much is due to mcasuictnc 
error. Repeated measures improve the characterization of an individual’s exposu 
lo ETS, but single measures may be sufficient lo distinguish bclween groups that a 
exposed or unexposed (or, more accurately, more exposed or less exposed), Heixdt 
son et al 36 reported that levels of nicotine in air and colininc in urine flucluaf 
widely on retesting, but the ranking of individuals from one test lo another v/as le 
variable, and both air nicotine and urine cotinine measures consistently disli 
guished exposed households (those containing smokers) from unexposed house hoi 
(those without smokers). 

Which measures of exposure to tobacco smoke best predict health outcome 
Bias aside, the most accurate measure of exposure should be associated with I 
strongest measure of effect (assuming that an effect docs exist). 

Few studies have reported risk estimates based on measures of exposure otl 
than questionnaires. In addition to those listed in Table 2 (passive smoking) t 
Table 3 (active smoking), de Waard et al. 37 compared questionnaires and urine ■ 
tinine levels in relation to incidence of lung cancer in a cohort of women, bul the d 
are not reported in full, In this study, after up to 15 years of followup, 23 incid 
cases were identified among nonsmokers. ETS exposure lo the lime of enrolm 
was compared wilh controls chosen from within the cohort. The odds ratio for th 
nonsmokers in the top lerlile of cotinine compared with the bottom tertile was 
(0.7-8.3). No comparable results were reported for the questionnaire results, but 
paper noted, fur active smokers, that "lung cancer distribution between different 1 
els ol self-reported cigarette consumption did nol differ significantly from [the- 
tribulion across] corresponding cotinine categories". Wang et al. 3B repurted a c 
inverse dose-response association of cotinine in maternal urine during pregita 
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TABLE 2. Health effects of exposure to ETS from studies reporting results using both questionnaire and biomarker assessments of exposure 


Reference 

Study population 

Health outcome 

Exposure measure 

Measure of effect 

Ehrlich era/. 50 

72 children 3-14 years, 
attending emergency room 

emergency room 
treatment for acute 

(I) maternal caregiver smokes: yes 
vs. no 

odds ratio = 2.0 (1.1-3.4) 


with acute asthma, 121 
emergency room controls 

asthma 

(2) urine cotinine: 2:30 ng/mg 
creatinine vs. < 30 ng/mg 

OR = 1.9 (1.0—3.4) 

CbiLmonczyk et al. sl 

199 asthmatic children 

acute exacerbations of 

(I) No. of care-givers who smoke: 

rado = 1.8 (1.4—2.2) 

t 

aged 8 months to 13 years 

asthma 

mother and others vs. none 

(2) urine cotinine: 40+ ng/ml 
vs. < 10 ng/ml 

ratio = 1.7 (1.4-2.1) 

Rebagliato et a/. 52 

710 nonsmoking pregnant 

women 

mean birthweight 

(1) b/week reported exposure to 

ETS: 42+ (top quintile) vs. none 

(2) maternal serum cotinine: 1.8+ 
ng/ml (top quintile) vs. < 0.5 ng/ml 

deficit = 88 g 

deficit = 98 g 

Ryiandcr et ai. 53 

112 hospital cases aged 
4—18 months, 196 

hospital admission for 
wheezing bronchitis 

(1) number of parents who smoke: 
both vs. none 

OR = 2.0 (1.1-3.7) 


population controls 


(2) urine cotinine: 10+ pg/L 
vs. e 2.5 llg/L 

OR = 2.1 (1.1-4.6) 

Tunstali-Pedoc et al* A 

population sample of 986 
men and 1492 women 
aged 40—59 years 

prevalence of diagnosed 
coronary heart disease 

(1) reported exposure to ETS: 
a lot vs. none 

(2) serum cotinine: 

> 4 ng/ml vs. < 0.01 ng/ml 

OR = 2.4 (1.1—4.8) 

OR = 2.7 (1.3-5.6) 


TABLE 3. Health effests of active smoking from studies reporting results using both questionnaire and biomarker assessments of exposure 


Reference 

Study population 

Health outcome 

Exposure measure 

Measure of effect 

Haddow et a/. 5s 

4211 pregnant women 
providing a blood, sample 
at 15-21 weeks gestation 

birth weight 

(!) self-reported no. of cigarettes 
smoked per day: top 2.7% (25+) vs. 
nonsmokers 

(2) serum cotinine: top 2.7% 

(284 ng/ml) vs. < 24 ng/ml 

mean difference in birth 
weight 
—289g 

-441 g 

Woodward et a 

79 mothers of children in 
top quintile of frequency of 
respiratory illness in first 

IS months of life, com¬ 
pared with 72 mothers of 
children in bottom quintile 

prone to acme respiratory 
illness in childhood 

(1) self-reported smoking in 
mid-trimester of pregnancy: 
yes vs. no. 

(2) cotinine in serum collected at 
16-20 weeks gestation: 

57+ nmol/L vs. < 57 nmol/L 

OR = 1.50 (0.73-3.08) 

OR= 1.72(0.83-3.50) 

Perez-Stable et al} 1 

743 adults participating in 
national nutrition survey 

acute biochemical and 
physiological changes 

(1) self-reported number of ciga- 
re ties smoked per day- 

(2) scrum cotinine 

cotinine more strongly 
correlated with hematocrit, 
hemoglobin, white cell 
count and diastolic blood 
pressure 
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and infant size at birth. The relation with maternal self-reported smoking was less 
striking. Surveys of passive smoking and lung function in children found that sali¬ 
vary cotinine and questionnaire estimates of exposure were similarly associated with 
small decrements in most spiromctric indices. ,4 ® 

These comparisons should be treated with caution. The definitions of exposure 
are to some extent arbitrary (for example, there is no fixed cut point for serum coti¬ 
nine that distinguishes an active smoker from a nonsmoker heavily exposed to ETS) 
and may be made post hoc. Consequently results are susceptible to reinterpretation 
and, possibly, reporting bias. Questionnaire and cotinine measures of exposure do 
tend to be correlated, 4 ® indicating that to some extent the two approaches measure 
common events. One would expect questionnaires to have greater predictive validity 
when the relevant exposure occurred in the distant past (for example, in case control 
studies of cancer), whereas cotinine measures are likely to be more strongly related 
to acute outcomes, but this is not apparent in Table 2. Perhaps the most likely reason 
for these findings is that the two approaches are similarly imperfect, although the 
source and nature of the errors differ. Assuming that the enors in biomarkers and 
questionnaires are not correlated, consistency in the risk estimates supports the va¬ 
lidity of both methods of exposure assessment. 

The qtieslion of which is the best measure of exposure of ETS must take account 
of operational issues, such as acceptability and cost. The cost of the different meth¬ 
ods of exposure assessment varies widely. For example, hair nicotine testing may 
add $30-100 per participant (depending on the method of analysis) to the cost of 
questionnaires. This means that possible gains in precision and face validity and re¬ 
ductions in systematic error must be weighed against the loss of statistical power that 
occurs if the number of study participants needs to be limited. The acceptability of 
collecting biological samples may also be an issue in some populations. For exam¬ 
ple, most cultures have restrictions of some kind on the cutting of hair. Some groups 
strictly prohibit cutting the hair of young male children: other cultures restrict the 
time of day at which hair may be cut. 


WHAT ARE THE MAJOR SOURCES OF 
UNCERTAINTY IN ASSESSMENT OF ETS? 

Uncertainty has many meanings and arises from multiple sources; sometimes it 
results from a lack of information, and on other occasions it is caused by disagree¬ 
ment about what is already known. Some categories of uncertainty are amenable to 
quantification; others defy numerical boundaries and probabilities. 

Morgan and Henrion 41 proposed these sources of uncertainly in risk assessment: 

» linguistic imprecision 

• statistical variation 

• variability 

• approximation 

• subjective judgement 

• disagreement. 
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Ambiguity in language certainly contributes to confusion and misunderstanding 
in exposure assessment of ETS. For example, the term ETS may refer to undiluted 
smoke emitted directly from the cigarette, or to aged and diluted smoke, which has 
quite different characteristics. As in other areas of science, commonly-used phrase® 
such as “Ihe weight of the evidence" and “adequate dala" mean quite different things 
depending on the perspective of the author; a small number of studies becomes “sev¬ 
eral” or “a few” depending on whether or not the studies are being cited as supportive 
evidence. 

In this instance, statistical variation, which is well understood and relatively 
straightforward to describe and allow for, poses less of a problem for risk assessor'll 
than does the underlying variability in exposures. The nature of ETS, with intermit- 
ten! releases and many factors in the chain between source and biologically effective 
dose, virtually ensures that uncontrolled variability will be high. 


TABLE 4. Issues for which Ihe experts disagree—uncertainty in risk assessment of ETS 



R isk-tolcran! view 

Risk-sensitive view 

extrapolating from home 
exposures to work exposures 

most work exposures much 
less than in home with one or 
more smokers 

in high exposure settings, 
work exposures comparable 
to heavy ETS exposure al 
home 

risk estimates 

emphasize small relative 
risks 

emphasize substantial 
attributable risks 

confounding and bias 

focus on potential for 
unrecognized or 
uncontrolled errors 

focus on factors that have 
already been controlled 

biological mechanisms 

biological plausibility a 
high priority in determining 
causation 

plausibility a soft criterion 
for causation 

heterogeneity in exposures 
and study designs 

assumed to be high 

assumed to be sutficiently 
low to justify pooling results 

wlial constitutes acceptable 
quality of evidence 

more demanding—quality 
of the science is Ihe only 
consideration 

less demanding—severity 
of problem requires 
decision 

variability in exposure 

measures 

emphasize differences 
between individuals 

emphasize differences 
between groups 

analogy wiih active smoking 

depending on Implications 
for risk—differences or 
similarities emphasized 

depending on implications 
for risk—similarities or 
differences emphasized 

exposure to ETS represented 
as cigarette-equivalents 

cite cigarette-equivalents of 
nicotine 

cite cigarette-equivalents of 
substances with higher ETS: 
mainstream ratios than nice- 


tine 


Source: https://www.industrydocuments.ucsf.edu/docs/jtwk0001 
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Approxinialion is a cause of uncertainty wlien processes are complex and simpli¬ 
fying assumptions must be made. For example, the use of bioinarkers in ETS expo¬ 
sure assessment is based on assumptions about the biological mechanisms of action, 
although it is not clear at present which components of ETS are most important in 
the etiology of disease. Cotinine measures are used in studies of ETS and heart dis¬ 
ease. for example, although it is not dear whether the cardiotoxic components of 
ETS are gaseous or particulate, whether nicotine is directly relevant, or what period 
must elapse between exposure and presentation of disease. 

Bridging data gaps such as these requires judgement, and differences in judge¬ 
ment are a common cause (although not the only one) of disagreement. We searched 
the literature on ETS to identify common disagreements, and characterized these in 
terms of risk tolerant (slow to concede that ETS causes health risks) and risk sensi¬ 
tive (quick to claim that ETS is a health risk) positions (seeTABLE 4). 

The tension between the risk tolerant and risk sensitive points of view affects ex¬ 
posure assessment in many ways. For example, the definition of an acceptable qual¬ 
ity of evidence determines which data are included in assessments, and which are 
excluded. 42 Accepting or excluding studies for pooled analyses also depends on 
judgement, in this instance assessment of the degree of heterogeneity in study 
design. 

When considering the use of cotinine and nicotine as measures of ETS exposure, 
emphasis on variations between individuals 23 leads to a higher estimate of uncertain¬ 
ly than is apparent from a perspective that concentrates on comparisons between 
groups. 16 In a similar vein, tile risk tolerant perspective on ETS in the workplace em¬ 
phasizes the low exposures that individuals receive (on average), and the small in¬ 
crease in personal risk (hat may result. 43 The risk sensitive perspective takes a 
population-wide view and emphasizes the substantial burden of illness that results 
from a widespread exposure. 1 ' Commentators who are risk tolerant emphasize die 
differences between active and passive smoking (e.g., dilution, particle size, and 
iung clearance) when considering the question of whether ETS is hazardous 44 The 
risk sensitive perspective on the same question highlights similarities (e.g,, the pres¬ 
ence of proven carcinogens in both mainstream and sidestream smoke). 4 Interesting¬ 
ly, the positions are somewhat different with regard to risk assessment. Those who 
hold that there is a minimal (or nonexistent) risk sometimes support this position by 
linear extrapolation from the effects of active smoking, using die notion of cigarette 
equivalents of ETS exposure. 45 Those who believe that there are indeed nontrivial 
risks from ETS argue that ETS may differ significantly from active smoking in its 
mechanisms of action (in, for example, its greater than expected effect on the pro¬ 
gression of atherosclerosis 46 ). The idea of cigarette-equivalents is itself an ambigu¬ 
ous one, since the magnitude of the imputed exposure to ETS depends very strongly 
on which compound is chosen as the index. 6 

Disagreement also results from differences due to factors such as career expecta¬ 
tions, disciplinary background, and economic interests. A study of reviews of ETS 
for example, found that an article produced by authors with affiliations to die tobacco 
industry was 88 limes more likely to conclude (hat passive smoking is not harmful, 
than articles written by authors with no connections to the industry. 47 Such a diver¬ 
gence of views on a common data set is not peculiar to ETS. Brunk et al. 4s describe 
he different pathways taken in Canada by industry, government, and an independent 
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inquiry to (lie risk assessment of the pesticide alaclilor, and van Asselt et a I. 49 i c " 
scribe how various world views affect estimates of the impact of population grovdh 
on human health. Differences among perspectives are to be expected and should 
paralyze die decision-making process. Disagreement and uncertainly are not, ' ,n 
their own, sufficient reasons for failing to act to reduce risks to health. 


CONCLUSIONS 

Whether or not a measure of exposure is sufficiently accurate depends on its pur¬ 
pose. For public health and regulatory purposes, such as the monitoring of stnofce- 
free policies, simple questionnaires arc effective measures of exposure to ETS. Stu 4 ’ 
ies of disease etiology may require more discriminating measures. None of those that 
are presently available provide a comprehensive, iong-term picture of individual ex¬ 
posures to ETS. However, questionnaires and cotinine measurements may provide 
satisfactory instruments for epidemiology studies, which aim to distinguish groups 
in terms of die magnitude of exposure to ETS. There are still uncertainties associalfd 
with the assessment of ETS. Some of these are due to missing data and will be ovet- 
comc when more is known about El’S. However, uncertainly is also a consequence 
of differing values and expectations that scientists and commentators bring to the 
analysis and interpretation of the data. 
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Abstract: The aim of the Emilia Romagna-Reglon Agency for Prevention 
and Environment (ARPA) is to define and Improve interactions among lilt 
various prevention departments of the Emilia-Romagna Local Health Author' 
Kies In order to attain better knowledge about the health status of the popula¬ 
tion by using epidemiology and etiology studies, as well as predictive models* 
This is the basis for the environmental health risk assessment strategy of AR¬ 
PA. The priority activity areas for ARPA are: urban areas, environmental and 
health effects of traffic (atmospheric pollution and noise pollution); industrial 
areas (Ravenna chemical plants, Modena/Regglo-Emllla ceramic factories and 
Ferrara chemical plants); high-speed trains; pesticides; asbestos; and pollu¬ 
tion of the Adriatic Sea. 

INTRODUCTION 

In the past 20 years there has been growing interest in the environment andtji 
ity of life in Italy. One effect has been the creation and development of public er 
ronmental health preventive services. As a result of a referendum held in 1993. 
1994 the national and regional Environmental Protection Agencies network was 
(ablished, engaging personnel from environmental and health laboratories, and fr 
National Health Services. This rearrangement offered an opportunity to reconsi 
environmental and health prevention services in the Emilia-Romagna region wh 
these services had been established in the 1970s and 1980s. At present, 15 out ol 
Italian regions have legislated environmental agencies, although not all of these h 
as yet been constituted, see Figure 1. 

FEATURES OF ARPA EMILIA-ROMAGNA 

ARPA Emilia-Romagna has adopted the following mission: 'To conduct eitvir 
mental controls oriented towards general prevention and safeguarding of natural 
sources and health so as to guarantee ongoing social and economic devetopmen 
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